
Genetic variance components and genetic effects among
eleven diverse upland cotton lines and their F2 hybrids

Johnie N. Jenkins Æ Jack C. McCarty Jr. Æ
Jixiang Wu Æ Osman A. Gutierrez

Received: 11 December 2008 / Accepted: 11 February 2009 / Published online: 3 March 2009

� Springer Science+Business Media B.V. 2009

Abstract Selecting high yielding upland cotton,

Gossypium hirsutum L. lines with improved fiber

quality is a primary breeding goal. A diverse set of ten

cultivars and one breeding line were crossed in a half

diallel. Parents and F2 hybrids were grown in three

environments at Mississippi State, MS. Ten agronomic

and fiber traits were analyzed by a mixed linear model

approach based on the additive-dominance genetic

model. Variance component, genetic effects and genetic

correlations were calculated. ‘Acala Ultima’ was a

desirable general combiner for fiber length, uniformity,

strength, micronaire, lint percentage, and boll weight.

‘FiberMax 966’ was a desirable general combiner for

fiber length, uniformity, strength, and all agronomic

traits. ‘Tamcot Pyramid’ and M240 were poor general

combiners for both fiber and agronomic traits. ‘Coker

315’ was a good general combiner for fiber length,

uniformity, micronaire, boll weight, boll number, and

yield. Heterozygous dominance effects were associated

with several crosses, which suggest their use as hybrids.

Keywords Hybrids � Cotton � Gossypium hirsutum �
Breeding � Genetics � Genetic variances

Abbreviations

UHM Mean length of upper 50% of fibers in

mm

UR Fiber uniformity ratio in %

T1 Fiber strength in kN m kg-1

E1 Fiber elongation in %

MIC Fiber micronaire

HVI High volume instrument measurement

MINIQUE Minimum norm quadratic unbiased

estimation

AUP Adjusted unbiased prediction

Introduction

Higher fiber quality in upland cotton (Gossypium

hirsutum L.) is an increasing demand by industry due to

the rapid development of new technology in the textile

industry. Currently, high yielding upland cotton cul-

tivars do not have all the fiber properties desired by the

textile industry and cultivars with the best fiber quality

are not as high in yield as desired. Thus, simultaneous

genetic enhancement of multiple traits of interest is the

primary task for most upland cotton breeding. To attain

this important breeding goal, selecting parental lines

with wide genetic diversity, evaluating these selected

lines in their hybrids, and determining their genetic

effects is essential for adequate progress.

The genetic properties of agronomic and fiber traits

in cotton were reviewed by Meredith (1984). Recent
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studies of agronomic and fiber traits focused on general

and specific combining ability among parental lines

and their hybrids (Meredith 1990; Tang et al. 1993a, b,

1996; Cheatham et al. 2003). Due to the difficulty of

producing enough F1 seeds for evaluations across

multiple environments, F2 hybrids were usually used

in field experiments (Meredith 1990; Tang et al. 1993a,

b, 1996; Cheatham et al. 2003; Jenkins et al. 2006,

2007; Saha et al. 2006). Although the common analysis

of variance approaches are applicable to parents and

their F1 hybrids from specific genetic mating designs,

they are often not appropriate for the data sets

including F2 hybrids and/or backcross populations.

Recently, mixed linear model approaches have been

widely applied in cotton genetic studies (Wu et al.

1995; Tang et al. 1996; McCarty et al. 1998a, b, 2004a,

b; Cheatham et al. 2003; Jenkins et al. 2006; Saha et al.

2006). The advantages of using the mixed model

approaches include (1) their suitability for different

types of data sets and (2) simultaneous calculations of

variance components and genetic effects. For example,

with the additive-dominance model, variance compo-

nents for additive and dominance effects can be

estimated and additive and dominance effects of future

generations can be predicted (Wu et al. 1995; Chea-

tham et al. 2003; Jenkins et al. 2006; Saha et al. 2006).

We crossed ten upland cotton cultivars and one

breeding line, with diverse traits of interest, in a half-

diallel. The parents and their F2 hybrids were planted

in 2 years including three environments at Missis-

sippi State. Ten agronomic and fiber traits were

measured. The AD model and the mixed linear model

approach were applied for data analyses, which

included variance component estimation and genetic

effects predictions. The objective of this research was

to provide genetic information useful for cultivar or

hybrid breeding program and information for devel-

opment of random mating populations.

Materials and methods

Materials and experiments

Eleven parental lines were selected from different

breeding programs and used in this study. They were

‘Acala Ultima’, developed by California Planting

Cotton Seed Distributors (Shafter, CA);’Tamcot

Pyramid’ developed in the Multiple Adversity

Resistant Program by Texas Agricultural Experiment

Station, College Station, TX (Thaxton and El-Zik

2004); ‘Coker 315’ developed by Coker Pedigreed

Seed Co. (Hartsville, SC); ‘Stoneville 825’ developed

by Stoneville Pedigreed Seed Co. (Stoneville, MS);

‘FiberMax 966’ developed by Bayer Crop Science

(Lubbock, TX); M240RNR a root-knot nematode

resistant line developed by ARS (Shepherd et al.

1996); ‘Paymaster ‘HS26’a Texas High Plains culti-

var developed by Paymaster Technologies, Inc.

(Plainview, TX); ‘Deltapine 90’ developed by Delta

and Pine Land Co. (Scott, MS); ‘Suregrow 747’

developed by the SureGrow Co. (Centre, AL);

‘Phytogen PSC 355’ developed by the Mississippi

Agricultural and Forestry Experiment Station (Mis-

sissippi State, MS) and licensed to Phytogen Seeds

(Indianapolis, IN); and ‘Stoneville 474’ developed by

Stoneville Pedigreed Seeds. These represent a diverse

group of lines from major breeding programs.

Pedigrees for all except M-240 RNR (Shepherd

et al. 1996) can be found in Bowman et al. (2006).

A set of half diallel crosses (55) was made in the

summer of 2002. F1 seeds were sent to Mexico to

produce F2 seeds in the winter of 2003.

In 2004, 55 F2 hybrids and their 11 parental lines

were grown in two locations (environments 1 and 2,

respectively) at Mississippi State (33�40 N, 88�80 W)

In 2005, the same 66 entries were planted in one

location (environment 3) at Mississippi State. In each

environment plants were grown in a randomized

complete block design with four replications. Plot

size was a single row 12 m in length with row

spacing of 0.97 m. The planting was a solid row

pattern. The stand density consisted of single plants

spaced *10 cm apart. The soil type in Environments

1 and 3 was a Leeper silty clay loam (Fine, smectitic,

nonacid, thermic Vertic Epiaquepts). The soil type in

Environment 2 was a Marietta sandy clay loam (fine-

loamy, siliceous, active, thermic, Fluvaquentic

Eutrudepts). Planting dates for environments 1, 2,

and 3 were May 11, 2004; May 25, 2004; and May

13, 2005, respectively. Harvest dates for environ-

ments 1 and 2 were November 1, 2004 and for

environment 3, October 17, 2005.

Normal field practices were followed during the

season. Prior to machine harvest, a 25 boll sample for

each plot was hand harvested to determine the boll

weight (BW, g) and lint percentage (LP, %). Boll

number was calculated by dividing seed cotton yield
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by boll weight. The ginned sample provided the fiber

for high volume instrument (HVI) fiber trait mea-

surement, which were made at Starlab� in Knoxville,

TN. Upper Half Mean (mean length of upper 50% of

fibers, UHM, mm), fiber uniformity (UR, %), fiber

strength (kN m kg-1), fiber elongation (EL, %), and

micronaire (MIC) measurements were made. Plot

seed cotton was machine picked and converted into

seed cotton yield per hectare (YLD, kg ha-1) and lint

yield (LY, kg ha-1) accordingly.

Genetic model and statistical methods

The three-environment data set was analyzed by SAS

9.0 subject to the ANOVA methods for these 66

entries. This data set was also analyzed by the AD

model (Cockerham 1980), a genetic model including

additive effects, dominance effects, and their corre-

sponding G 9 E interaction effects (Zhu 1993; Wu

et al. 1995; Tang et al. 1996; Saha et al. 2006; Jenkins

et al. 2006). The genetic model regarding parents and

F2 hybrids was detailed in several previous studies

(Jenkins et al. 2006). Variance components for each

trait were estimated by the MINQUE (minimum

norm quadratic unbiased estimation) approach (Rao

1971) with the prior values for all variance compo-

nents set as 1 (MINQUE1), (Zhu 1989). Additive and

dominance effects for each of ten traits were

predicted by the AUP (adjusted unbiased prediction)

approach and expressed as deviations from the 66 line

population mean (Zhu 1993). The jackknife proce-

dure was applied through consecutive removal of one

block within each environment (Miller 1974). An

appropriate t-test was used to detect the significance

for each parameter (one-tailed test for variance

components and two-tailed for predicted effects).

The predicted additive and dominance effects were

used to calculate the genetic correlation coefficients

among traits in terms of additive effects and

dominance effects. This part of the analysis was

conducted by SAS 9.0 (SAS Institute 1999).

Results and discussion

Phenotypic means for parents and F2 hybrids

The mean of F2 hybrids were greater than the mean of

parents for UHM fiber length, fiber strength, boll

weight, seed cotton yield, and lint yield, indicating

positive middle-parent (MP) heterosis was associated

with some F2 hybrids for these traits (Table 1). The

means of F2 hybrids were generally less than parental

lines for fiber elongation and lint percentage, indi-

cating most F2 hybrids were associated with negative

heterosis for these traits. No significant differences

were detected between parents and F2 hybrids for

fiber uniformity, micronaire, and boll number. The

results also indicated that dominance effects might

play an important role for most traits.

Acala Ultima had the longest fibers among eleven

parents (Table 2). FM966 produced longer fibers than

all parents except Acala Ultima and C315. Fiber of

M240 was shorter than all other parents. Acala Ultima

had the highest fiber length uniformity among all

parents except FM966. Acala Ultima and FM966 fiber

were stronger (339 and 335 k Nm kg-1, respectively)

than all other parents. PSC355 had greater fiber

elongation than all parents except M240. Acala

Ultima had the lowest micronaire (4.14) among

parents. Micronaire values [5.0 are discounted in

the market. Tamcot Pyramid and C315 had micronaire

significantly \5.00 (4.73 and 4.57, respectively).

SG747 and ST474 had micronaire significantly

[5.00 (5.25 and 5.31, respectively). All parents had

lint percentage significantly higher than 40% except

M240 and HS26 (38.69 and 38.99%, respectively).

Boll weight of Acala Ultima and FM966 was[5.00 g

Table 1 Mean fiber and agronomic values for F2 hybrids and parents over three environments

UHM (mm) UR (%) T1 (kN m kg-1) EL (%) MIC LP (%) BW (g) BN (103) YLD (kg ha-1) LY (kg ha-1)

F2 28.78 83.77 294 8.12 4.88 41.63 5.28 402.5 2,119 880

Parent 28.43 83.82 291 8.24 4.90 41.80 4.91 392.1 1,916 801

LSD0.05 0.11 NS 2 0.06 NS 0.15 0.05 NS 100 41

UHM, upper half mean; UR, uniformity ratio; T1, fiber strength; EL, fiber elongation; MIC, fiber micronaire; LP, lint percentage;

BW, boll weight; BN, boll number ha-1; YLD, seed cotton yield; LY, lint yield
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whereas, ST825, DP90, PSC355, and ST474 bolls

were significantly \5.00 g. Boll numbers ha-1 were

similar for DP90, PSC355, and ST 474 and about

twice as many as Acala Ultima, Tamcot Pyramid, and

HS26, reflecting boll size and yield differences among

parents. Seedcotton yields of C315, FM966, DP90,

PSC355, and ST474 were [2,000 kg ha-1 while

Acala Ultima, Tamcot Pyramid, and HS26 seedcotton

yields were significantly\2,000 kg ha-1. Seedcotton

and lint yields of DP90, PSC355, and ST474 were

greater than all parental lines except C315, FM966,

and SG747 (Table 2).

Among F2 hybrids 53 had fibers longer than

28 mm; whereas, only three were shorter than 28 mm

(Table 3). Fiber length uniformity of all hybrids was

[82.00%. Fiber of 23 hybrids was stronger than

284 kN m kg-1, 17 stronger than 294, 11 stronger

than 304, and four stronger than 314 kN m kg-1.

One hybrid (FM966 9 Acala Ultima), had fiber

strength of 344 kN m kg-1. Fiber elongation was

[8.00% for 19 hybrids and \8.00% for six hybrids.

Micronaire was \5.00 units for 17 and [5.00 units

for only four hybrids, indicating that the majority of

the hybrids had desirable micronaire. Lint percentage

was significantly higher than 40.00% for 45 hybrids.

One hybrid (ST474 9 SG747), had lint percentage of

44.9%. Most hybrids had bolls heavier than 5.00 g.

Lint yields ranged from 631 to 1,054 kg ha-1.

Variance components

Estimated variance components, expressed as pro-

portions to the phenotypic variances, are summarized

in Table 4. Significant additive effects variances were

detected for all traits and were larger than dominance

effects for fiber length, uniformity, strength, elonga-

tion, and micronaire, indicating early selection may

be applied for fiber traits (Table 4). Significant

dominance effects variances were detected for all

traits and were important genetic factors for lint

percentage, boll weight, seed cotton and lint yield,

indicating that heterosis via hybrids may be utilized

for some crosses in this study. Additive 9 Environ-

ment variances made minor contributions (B2%) for

all traits and were only significant for fiber uniformity

(1%), elongation (2%), micronaire (2%), and lint

percentage (2%). This indicated additive effects for

fiber quality were primarily independent of the

environment in these genetic materials used in this

study. Dominance 9 Environment effects were sig-

nificant for all traits ranging from 2% (EL) to 24%

(BW). This indicated the expression of dominance

effects for some traits was dependent on the specific

environment and magnitude of heterosis for some

crosses varied among environments. Genotypic

effects (sum of additive and dominance effects) were

greater than G 9 E interaction effects (sum of A 9 E

Table 2 Parent means for fiber and agronomic values over three environments

UHM

(mm)

UR (%) T1

(kN m kg-1)

EL (%) MIC LP (%) BW (g) BN (103) YLD

(kg ha-1)

LY

(kg ha-1)

Acala Ultima 30.97 85.28 339 7.98 4.14 43.19 5.39 259.9 1,403 604

Pyramid 27.24 83.31 273 8.13 4.73 41.79 4.92 270.4 1,329 554

C315 29.15 83.73 284 7.58 4.57 42.23 4.98 454.6 2,274 956

ST825 28.41 83.73 275 7.87 5.04 40.86 4.55 418.5 1,899 776

FM966 29.61 84.86 335 7.85 4.93 43.27 5.37 393.6 2,118 915

M240 26.27 82.82 297 8.75 4.91 38.69 4.90 373.5 1,825 705

HS26 27.24 82.88 282 8.45 4.93 38.99 4.90 227.9 1,148 441

DP90 28.87 83.45 296 8.13 4.91 40.76 4.65 520.0 2,419 982

SG747 28.64 84.36 264 8.65 5.25 43.75 5.04 363.3 1,851 812

PSC355 28.45 84.22 280 8.93 5.16 41.86 4.60 519.1 2,395 1,000

ST474 27.88 83.37 276 8.33 5.31 44.42 4.66 512.3 2,414 1,070

LSD0.05 0.48 0.58 10 0.25 0.20 0.64 0.23 82.3 428 178

See Table 1 for heading definitions
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Table 3 F2 hybrid means over three environments for agronomic and fiber traits

Parents in cross UHM

(mm)

UR

(%)

T1

(kN m

kg-1)

EL

(%)

MIC LP

(%)

BW

(g)

BN

(103)

YLD

(kg ha-1)

LY

(kg ha-1)

Pyramid 9 Acala 29.25 83.99 315 8.13 4.63 42.84 6.15 308.6 1,907 815

C315 9 Acala 30.35 84.79 319 7.88 4.34 42.33 5.63 362.6 2,048 863

ST825 9 Acala 30.14 84.73 316 8.03 4.53 42.63 5.44 340.3 1,844 785

FM966 9 Acala 30.40 84.83 344 8.01 4.55 42.96 5.71 366.1 2,092 896

M240 9 Acala 29.04 83.92 325 8.15 4.67 40.65 5.81 373.9 2,176 881

HS26 9 Acala 29.02 84.27 316 8.19 4.60 41.24 6.04 332.8 2,003 824

DP90 9 Acala 29.97 83.97 325 7.86 4.44 41.82 5.56 367.1 2,020 843

SG747 9 Acala 29.91 84.44 309 8.25 4.68 42.60 5.74 413.3 2,352 1,000

PSC355 9 Acala 29.40 84.51 313 8.65 4.87 42.83 5.23 420.3 2,200 939

ST474 9 Acala 30.04 84.96 320 8.21 4.68 43.54 5.33 363.7 1,960 854

C315 9 Pyramid 28.70 83.68 273 7.62 4.50 41.16 5.20 327.8 1,709 704

ST825 9 Pyramid 28.17 83.38 272 7.78 4.88 41.89 5.09 359.1 1,809 757

FM966 9 Pyramid 28.89 83.83 299 7.78 4.63 41.71 5.25 395.7 2,063 853

M240 9 Pyramid 27.16 82.96 280 8.03 4.96 41.27 5.33 285.8 1,525 631

HS26 9 Pyramid 27.16 82.84 290 8.45 4.98 40.59 5.43 286.8 1,565 634

DP90 9 Pyramid 28.38 82.93 288 7.73 4.90 41.54 5.00 379.6 1,903 791

SG747 9 Pyramid 28.15 83.23 265 7.95 4.62 41.34 4.82 362.3 1,730 711

PSC355 9 Pyramid 27.90 83.38 289 8.49 5.01 41.81 4.94 398.9 1,978 823

ST474 9 Pyramid 27.86 83.48 273 7.97 5.08 43.51 5.02 381.8 1,927 836

ST825 9 C315 28.93 83.54 280 7.59 4.63 41.01 5.37 480.3 2,543 1,037

FM966 9 C315 30.06 84.56 323 7.85 4.84 41.91 5.77 452.2 2,618 1,095

M240 9 C315 28.13 83.13 323 7.90 4.82 40.37 5.76 387.5 2,254 907

HS26 9 C315 29.06 83.62 295 8.03 4.84 40.00 5.74 414.5 2,382 951

DP90 9 C315 29.49 83.74 293 7.63 4.58 40.34 4.99 482.0 2,416 970

SG747 9 C315 29.46 83.93 289 8.02 4.83 41.83 5.43 455.8 2,470 1,032

PSC355 9 C325 29.15 84.58 284 8.26 4.85 41.73 5.18 488.1 2,532 1,054

ST474 9 C315 29.00 83.48 283 7.76 4.65 41.39 5.22 459.5 2,400 991

FM966 9 ST825 29.82 83.99 298 7.80 4.98 41.81 5.56 460.8 2,569 1,072

M240 9 ST825 28.34 83.66 276 7.66 4.85 39.91 5.14 342.3 1,759 700

HS26 9 ST825 28.30 83.18 286 8.03 4.98 40.55 5.31 390.2 2,079 841

DP90 9 ST825 28.91 83.17 278 7.58 4.77 41.34 4.78 451.5 2,159 891

SG747 9 ST825 28.68 83.52 269 8.08 4.97 42.13 5.00 422.5 2,111 888

PSC355 9 ST825 28.74 83.91 281 8.28 4.89 40.69 4.65 446.2 2,064 839

ST474 9 ST825 28.41 83.69 271 7.84 5.13 42.19 4.97 427.0 2,111 890

M240 9 FM966 28.24 83.31 308 7.95 4.92 40.64 5.52 399.5 2,200 892

HS26 9 FM966 28.60 83.83 316 8.32 4.91 40.86 5.72 425.6 2,439 994

DP90 9 FM966 29.21 83.94 313 7.81 4.78 42.23 5.14 444.9 2,330 980

SG747 9 FM966 29.25 84.42 294 8.13 5.03 43.11 5.52 396.7 2,173 936

PSC355 9 FM966 29.57 84.45 326 8.57 5.21 42.34 5.42 416.3 2,269 959

ST474 9 FM966 29.23 84.34 305 8.14 5.22 43.53 5.37 415.9 2,240 970

HS26 9 M240 27.16 82.78 279 8.27 5.11 39.30 5.40 363.7 1,957 767

DP90 9 M240 27.56 82.67 290 8.03 4.91 40.65 5.09 416.1 2,101 854

SG747 9 M240 27.94 83.52 283 8.45 5.17 42.24 5.57 377.7 2,109 886
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or D 9 E effects) for fiber length (68 vs. 3%),

uniformity (33 vs. 15%), fiber strength (69 vs. 6%),

fiber elongation (61 vs. 4%), micronaire (42 vs. 18%),

lint percentage (55 vs. 22%), and boll weight (59 vs.

24%). This indicated the effect of these environments

on these traits was low. Contrarily, both genotypic

effects and G 9 E interaction effects played a similar

role for boll number (13 vs. 17%), seed cotton yield

(21 vs. 18%), and lint yield (20 vs. 18%), suggesting

that genetic expression for these three traits was

highly dependent on specific environments. Residual

error also made important contributions to the

phenotypic variances and varied among traits from

17% (boll weight) to 70% (boll number) with the

largest effects on yield and boll number (Table 4).

Additive effects

Additive effects, which are equivalent to general

combining ability under the AD genetic model, are

important genetic information for determining desir-

able general combiners for improving traits of

interest. The predicted additive effects are summa-

rized in Table 5. Positive and negative additive

effects were about equally divided among parents

for all traits except fiber strength and boll number.

Table 3 continued

Parents in cross UHM

(mm)

UR

(%)

T1

(kN m

kg-1)

EL

(%)

MIC LP

(%)

BW

(g)

BN

(103)

YLD

(kg ha-1)

LY

(kg ha-1)

PSC355 9 M240 27.77 83.47 293 8.71 5.38 41.06 4.92 428.8 2,128 875

ST474 9 M240 27.60 83.01 280 8.17 4.96 41.30 5.09 408.3 2,100 867

DP90 9 HS26 28.74 83.39 293 8.04 4.93 39.93 5.20 507.2 2,603 1,036

SG747 9 HS26 28.47 83.91 278 8.38 5.13 40.26 5.48 339.6 1,875 755

PSC355 9 HS26 28.11 83.65 296 8.60 4.95 40.02 5.04 381.4 1,902 760

ST474 9 HS26 28.32 83.82 285 8.55 5.07 41.61 5.37 414.5 2,242 931

SG747 9 DP90 29.04 83.43 283 8.32 5.02 42.26 4.95 384.4 1,930 814

PSC355 9 DP90 29.32 83.91 304 8.60 5.15 41.51 4.67 482.1 2,254 930

ST474 9 DP90 28.58 83.45 293 8.20 5.05 41.97 4.73 429.0 2,005 842

PSC355 9 SG747 28.81 84.25 275 8.85 5.14 42.72 4.80 461.2 2,229 952

ST474 9 SG747 28.19 83.84 273 8.52 5.22 44.19 4.85 410.4 1,990 878

ST474 9 PSC355 28.74 84.42 297 8.69 5.13 42.58 4.86 445.4 2,175 921

LSD 0.05 0.48 0.58 10 0.25 0.20 0.64 0.23 82.3 428 178

See Table 1 for heading definitions

Table 4 Estimated proportional variance components for agronomic and fiber traits

Component UHM UR Strength EL MIC LP BW BN SCY LY

VA/VP 0.54** 0.31** 0.57** 0.42** 0.27** 0.33** 0.27** 0.10** 0.08** 0.08**

VD/VP 0.14** 0.02** 0.12** 0.19** 0.15** 0.22** 0.32** 0.03** 0.13** 0.12**

VAE/VP 0.00 0.01** 0.00** 0.02** 0.02** 0.02** 0.00 0.00 0.00 0.00**

VDE/VP 0.03** 0.14** 0.06** 0.02** 0.16** 0.20** 0.24** 0.17** 0.18** 0.18**

Ve/VP 0.29** 0.52** 0.24** 0.36** 0.40** 0.23** 0.17** 0.70** 0.61** 0.62**

See Table 1 for heading definitions

VA = additive variance; VD = dominance variance; VAE = additive by environment variance; VDE = dominance by environment

variance; Ve = error variance; VP = phenotypic variance

* Significant at probability level of 0.05

** Significant at probability level of 0.01

402 Euphytica (2009) 167:397–408

123



They ranged from negative 0.93 to positive 1.01 mm

for UHM. Additive effects for uniformity varied\1%

among parents. Fiber strength effects varied from

-14.3 to 29 kN m kg-1. Additive effects for percent

elongation varied \1%. Additive effects for micro-

naire varied from -0.27 to 0.19. Interestingly, the

additive effect of Acala Ultima reduced micronaire

by -0.27, which could be very useful. There were

useful additive effects for increased lint percentage

with the highest value being 0.91% for ST474. Acala

Ultima had the heaviest boll and it contributed

significant additive effects of 0.43 g to boll weight.

As expected, several parents with lighter bolls

contributed positive additive effects to boll number

and several with heavier bolls contributed negative

additive effects to boll number. Additive effects for

lint yield ranged from -116 (Pyramid) to 84

(FM966) kg ha-1.

Summarizing additive effects, Acala Ultima was a

desirable general combiner for fiber length, unifor-

mity, strength, micronaire, lint percentage and boll

weight. FM966 was a good general combiner for fiber

length, uniformity, strength, and all agronomic traits.

However, Tamcot Pyramid and M240 were poor

general combiners for most agronomic traits. C315

was a good general combiner for fiber length,

uniformity, micronaire, boll weight, boll number,

and yield.

Dominance effects

Two types of dominance effects, homozygous

(Table 6) and heterozygous dominance effects

(Table 7) were predicted. Homozygous dominance

effects are related to inbreeding depression following

the selfing of hybrids. The more negative the homo-

zygous dominance effects for a parent, the greater the

amount of inbreeding depression expected when this

parent is used in crosses, followed by selfing. The large

number of parents with negative homozygous domi-

nance for fiber length, strength, and boll weight

indicates we should expect inbreeding depression in

several crosses in later generations of self pollination.

Heterozygous effects are related to specific com-

bining ability for the pair of parents in a cross.

Table 7 shows the parents with positive and negative

homozygous dominance effects. There was an even

distribution of negative and positive heterozygous

dominance effects in the F2 hybrids, except for UHM

which had 31 positive and 18 negative and boll

weight which had 34 positive and 21 negative

(Table 7). Thus positive or negative hybrid vigor

was shown for most traits among the F2 hybrids. A

few specific hybrids stood out as desirable for specific

traits. FM966 9 C315, PSC355 9 FM966, and

ST474 9 PSC355 were best for strength. PSC355 9

Tamcot Pyramid had reduced micronaire of 0.46.

Table 5 Predicted additive genetic effects for 11 parents for fiber and agronomic traits

Parent UHM

(mm)

UR

(%)

Strength

(kN m kg-1)

EL

(%)

MIC LP

(%)

BW

(g)

BN

(103)

SC

(Kg ha-1)

LY

(Kg ha-1)

Acala Ultima 1.01** 0.71** 29.4** 0.05** -0.27** 0.75** 0.43** -32.28** -16* 8**

Pyramid -0.69** -0.47** -11.0** -0.16** -0.06** 0.17** -0.07** -53.27** -288** -116**

C315 0.52** 0.18 ** -2.8** -0.28** -0.21** -0.58** 0.18** 28.49** 211** 76**

ST825 0.09** -0.12** -13.4** -0.29** -0.04** -0.17** -0.14** 8.95** -14** -9**

FM966 0.59** 0.37** 19.7** -0.07** 0.03** 0.44** 0.22** 18.13** 183** 84**

M240 -0.93** -0.59** -5.0** -0.05** 0.11** -0.79** 0.10** -27.61** -90** -51**

HS26 -0.51** -0.22** -0.2 0.19** 0.08** -1.21** 0.24** -3.41** 58* 0

DP90 0.14** -0.37** 1.7** -0.17** -0.04** -0.23** -0.30** 25.76** 12* 0

SG747 -0.01 0.04** -14.3** 0.18** 0.08** 0.59** -0.09** 2.93* -19** 5

PSC355 -0.04** 0.32** 3.6** 0.50** 0.19** 0.12** -0.35** 28.90** 15* 9**

ST474 -0.18** 0.15** -7.6** 0.10** 0.13** 0.91** -0.22** 3.43* -52** -6

See Table 1 for heading definitions

* Significant at probability level of 0.05

** Significant at probability level of 0.01
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M240 9 Tamcot Pyramid, DP90 9 M240, SG747 9

M240, and ST474 9 SG747 had [0.80% increase in

lint percentage. It is significant that three parents, in

crosses with the low lint percentage root-knot resis-

tant parent M240, increased the lint percentage. The

F2 hybrid from big boll parents Acala Ultima and

Tamcot Pyramid showed a 1.11 g heterozygous

dominance effect for boll weight. Heterozygous

dominance effects for boll number increased in

several crosses translating into increases in yield.

Heterozygous dominance effects were [100 kg ha-1

for 7 F2 hybrids. The highest heterozygous domi-

nance effect was 245 kg ha-1 for the F2 hybrid of

DP90 9 HS26.

Correlation analysis among traits in terms

of additive and dominance effects

Predicted additive effects and dominance effects

were used to calculate the correlation coefficients

among these ten traits. The results are summarized in

Tables 8 and 9. Additive effects for fiber length were

positively correlated with fiber uniformity (0.84),

fiber strength (0.67), seed cotton yield (0.61), and lint

yield (0.72), and negatively with micronaire (-0.62,

Table 8). Fiber uniformity was positively correlated

with fiber strength (0.67) and lint yield (0.65). Fiber

elongation had significant additive correlation with

micronaire (0.61). Boll number had similar additive

correlation coefficients with seed cotton yield (0.77)

and lint yield (0.76).

Dominance effects correlations were significant

but generally low except boll number with yield.

Fiber length was positively correlated with unifor-

mity (0.45), fiber strength (0.25), boll weight (0.43),

and seed cotton yield (0.24), and negatively with fiber

elongation (-0.26, Table 9). Fiber strength was

positively correlated with fiber elongation (0.48),

micronaire (0.28), and boll weight (0.34) for domi-

nance effects. Elongation had positive dominance

correlation with micronaire (0.42). Micronaire was

positively correlated with lint percentage (0.56) and

boll weight (0.29) for dominance effects. Boll weight

had significant correlation with boll number (0.26)

and correlations with seed cotton yield and lint yield

were 0.63. Boll number was highly correlated with

seed cotton yield (0.91) and lint yield (0.89).

Conclusions

Our results show that several parents were associated

with desirable additive effects for fiber quality and/or

yield and thus can be used as good general combiners

for developing cultivars with improvement in multiple

traits. For example, Acala Ultima was a desirable

general combiner for fiber length, uniformity, strength,

micronaire, lint percentage, and boll weight and

Table 6 Predicted homozygous dominance genetic effects for agronomic and fiber traits

Parent UHM

(mm)

UR

(%)

T1

(kN m kg-1)

EL

(%)

MIC LP

(%)

BW (g) BN YLD

(Kg ha-1)

LY

(Kg ha-1)

Acala Ultima 0.13** 0.06** -9.2** -0.15** -0.15** 0.16** -0.93** -28.1** -535** -218**

Pyramid -0.39** 0.14** -2.0** 0.33** -0.01 -0.08** -0.41** -9.4** -174** -71**

C315 -0.69** -0.11** -5.7** 0.04** 0.08** 1.70** -0.84** -3.5 -280** -84**

ST825 -0.64** 0.06** 3.9** 0.33** 0.20** -0.33** -0.63** -2.0 -198** -81**

FM966 -0.39** 0.11** 2.5** -0.08** 0.01 0.79** -0.54** -16.9** -344** -124**

M240 -0.85** 0.05** 9.2** 0.72** -0.15** -1.22** -0.77** 7.1** -133** -66**

HS26 -0.68** -0.14** -11.2** 0.02 -0.08** -0.18** -1.05** -58.0** -822** -314**

DP90 -0.30** 0.11** -3.0** 0.37** 0.09** -0.31** -0.20** 19.8** 120** 42**

SG747 -0.26** 0.16** -4.1** 0.23** 0.17** 0.97** -0.24** -17.2** -226** -78**

PSC355 -0.38** -0.04** -19.1** -0.09** -0.07** 0.08 -0.16** 19.5** 100** 41**

ST474 -0.66** -0.19** -6.0** 0.08** 0.15** 1.00** -0.37** 34.7** 216** 109**

See Table 1 for heading definitions

* Significant at probability level of 0.05

** Significant at probability level of 0.01
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FiberMax 966 for fiber length, uniformity, strength,

and all agronomic traits. Coker 315 was a good general

combiner for fiber length, uniformity, micronaire, boll

weight, boll number, and yield. In addition, some

hybrids had desirable heterozygous dominance

effects, which can be used for hybrid development.

In some parts of the world breeders are developing

hybrids for growers. The many heterozygous domi-

nance genetic effects for both fiber quality traits and

lint yield should be useful to these breeders. Several

important and favorable additive correlations were

found, e.g. fiber strength with length and uniformity,

but not with lint yield. Also lint yield was not

correlated with micronaire, lint percentage or boll

weight, yet there was a positive correlation between

lint yield and boll number. These correlations or lack

of correlations will be a very important consideration

in using these lines as parents. The additive correla-

tions show that a breeder should be able to

simultaneously improved fiber quality and lint yield

in cultivar development. These results also suggest

that a random mating approach should allow for the

combining of favorable genes from multiple parents.

Random mating should capture both additive and

dominance variation and by allowing many recombi-

nation events to take place should provide germplasm

with new combinations of alleles that should be useful

in breeding. A random mating population has been

Table 9 Correlation coefficients for dominance genetic effects among agronomic and fiber traits

UR T1 EL MIC LP BW BN YLD LY

UHM 0.45** 0.25* -0.26* -0.03 -0.21 0.43** 0.04 0.24* 0.21

UR 0.17 0.19 0.10 0.07 0.03 -0.17 -0.12 -0.12

T1 0.48** 0.28* 0.02 0.34** 0.00 0.11 0.11

EL 0.42** 0.23 -0.07 0.00 -0.01 0.02

MIC 0.56* 0.29* 0.03 0.15 0.22

LP 0.05 -0.11 -0.06 0.05

BW 0.26** 0.63** 0.63**

BN 0.91** 0.89**

YLD 0.99**

See Table 1 for heading definitions

* Significant at probability level of 0.05

** Significant at probability level of 0.01

Table 8 Correlation coeffients for additive genetic effects among agronomic and fiber traits

UR T1 EL MIC LP BW BN YLD LY

UHM 0.84** 0.67* -0.12 -0.62* 0.45 0.34 0.38 0.61* 0.72**

UR 0.67* 0.32 -0.30 0.58 0.32 0.28 0.50 0.65*

T1 0.15 -0.39 0.24 0.58 0.00 0.39 0.45

EL 0.61* 0.19 -0.19 0.11 -0.03 0.01

MIC -0.06 -0.55 0.20 -0.15 -0.16

LP -0.16 -0.08 -0.18 -0.05

BW -0.36 0.31 0.28

BN 0.77** 0.76**

YLD 0.97**

See Table 1 for heading definitions

* Significant at probability level of 0.05

** Significant at probability level of 0.01
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